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Abstract
The primary sensor of astronomy observation satellite (AOS) is mounted on a gimbal base which connects directly with the 
satellite platform and has two degrees of freedom. Attitude control for AOS with a swinging sensor will be highlighted in this 
paper. Due to the non-negligible mass and length of the sensor, the internal motion between the satellite and the sensor will 
change the attitude, the position of center of mass and moment of inertia of the SYSTEM (consists of the satellite and the sen-
sor). According to moment of momentum theorem, a rigid two-body dynamic model is derived, which can be used to determine 
the inertial tensor of the SYSTEM. Modulating the satellite’s present and desired quaternions results in quasi-Euler angles and
normalizing these resultant parameters can ensure that the channel corresponding to each quasi-Euler angle is in the charge of 
each component of the control torque. Based on the normalized quasi-Euler angles, a switching attitude control law is proposed.
With the control law, the corresponding phase trajectory will slide along the switching surface to the origin (corresponding to the 
desired states). Simulation results show that the satellite can be controlled perfectly by thrusters with the proposed control law, 
even in the case of structural asymmetry and serious coupling between the control channels. 
Keywords: rigid two-body; relative motion modeling; attitude control; quasi-Euler angle; switching control law 
1. Introduction1
The primary sensor of astronomy observation satel-
lite (AOS) is mounted on a gimbal base which con-
nects directly with the satellite platform and has two 
degrees of freedom. When seeking for the next obser-
vation object, the sensor along with the base will be 
steered by two motors to change its angular position 
relative to the platform, while the attitude of the satel-
lite should keep its initial state to meet other sensors’ 
requirements. This internal motion will change the 
shape of the satellite, and since the mass and length of 
the sensor could not be neglected, the associated atti-
tude and inertial tensor will change as well. In addi-
tion, serious coupling will be brought to the three con-
trol channels and the control torque will be off-dia- 
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gonal. These factors result in the fact that attitude con-
trol for the AOS with an active sensor is a very diffi-
cult problem which has never been concerned. Since 
the structural parameters of the satellite have changed 
with the internal motion, to construct an effective con-
troller, the parameters should be determined and thus, 
the rigid two-body relative motion dynamic model 
should be derived firstly. It is just like the case that 
space multi-body system reorientation maneuver using 
internal control, which has been studied extensively in 
Refs.[1]-[4] and references therein. 
Planar[1-2] and non-planar[3] relative motions be-
tween individual rigid links (no less than three links 
are needed) of multi-body system have been con-
cerned. In the aforementioned cases, however, the 
links are interconnected by frictionless one-degree- 
freedom joints. The sensor, which is mounted on a 
gimbal base, needs to rotate relatively to the platform 
with two degrees of freedom. For the convenience of 
description, we here name the sensor and the gimbal 
base as a rod with two degrees of freedom relative to Open access under 
CC BY-NC-ND license.
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the platform. In this paper, a specific two-body dy-
namic model will be presented. 
After the so-called rod’s rotation, the structural pa-
rameters of the satellite will be unchanged while atti-
tude change of the AOS should be controlled by use of 
actuators to guarantee that the rod points to the obser-
vation celestial body. Actuators for spacecraft attitude 
control typically fall into the categories of thruster[5-7],
internal momentum exchange device[1-4,8], external 
environmental influence device[8-9], etc. Thrusters are 
usually used for rapid large-angle maneuvers and we 
here will focus on the spacecraft attitude control by 
use of a set of thrusters which can provide changeless 
control torques during their working duration. 
Many attitude representations[10-11] have been adopted 
and quaternion is a popular one. Quaternion represen-
tation has no singularity and is mathematically simple 
and straightforward in kinematics development[12].
However, it is not a minimal set of parameterization 
and the two quaternions rq denote the same attitude. 
Modulating the attitude quaternion yields a new repre-
sentation of spacecraft attitude, quasi-Euler angles[13],
which may remove the sign ambiguity of quaternion. 
The resultant three quasi-Euler angles correspond to 
the three channels, which are in the charge of the three 
components of the control torque, respectively. In this 
way, the coupling terms between the control channels 
may result in disturbance terms to the quasi-Euler an-
gle-based double-integrating system. 
The attitude control problem has been studied ex-
tensively and many attitude control laws[13-18] have 
been proposed to treat various scenarios. The control 
laws mentioned above are based on the Euler angle or 
attitude quaternion representation[10,12]. However, it 
should be pointed out that these two representations 
cover the special orthogonal group multiple times, 
introducing ambiguities, which would lead to unwind-
ing behaviors as noted in Ref.[19], which precludes 
the existence of global asymptotically stable equilib-
rium point with continuous feedback controller. We 
here propose a quasi-Euler angle-based phase plane 
switching attitude control law to control the attitude of 
the AOS. When a set of suitable regulating coefficients 
are specified, the control law can ensure that the con-
trolled quantity slide along the switching surface to 
approach the origin (corresponding to the desired 
state). In this case, the response lag (on-off perform-
ance) of the actuators may serve to regulate the associ-
ated chattering phenomena. Compared with the control 
law presented in Ref.[13], this law can treat the spe-
cific case of structural asymmetry and coupling be-
tween the channels. Since quasi-Euler angle represen-
tation is singularity-free and sign ambiguity-free, the 
quasi-Euler angle-based control laws will avoid the 
unwinding phenomena. 
This paper is arranged as follows. A rigid two-body 
dynamic model is presented according to moment of 
momentum theorem[20] and the rod’s rotation angles 
are solved by some mathematical derivations in Sec-
tion 2. A smooth, continuous relative angular motion is 
proposed to determine the terminal structural parame-
ters (e.g., inertial tensor) of the satellite and its termi-
nal attitude relative to the inertial space as well. In 
Section 3, firstly the quasi-Euler angles are introduced 
and then the switching attitude control law based on 
quasi-Euler angles is presented. Finally, some simula-
tion results are provided to verify the control law. 
2. Mathematical Models 
2.1. Moment of momentum theorem 
During the sensor’s reorientation process, regardless 
of the impact of environmental torques, it can be con-
sidered that there is no external torque acting on the 
satellite.
In Fig.1, the AOS system consists of a platform and 
a rod; the centers of mass of the platform, the rod and 
AOS system are denoted as C1, C2 and C, respectively. 
Since the AOS is a conserved system, point C is fixed 
in the system. For an arbitrary unit mass dm, the mo-
ment of momentum of the system can be written in the 
following form: 
M m
dm u³ h r r              (1) 
where r denotes the range vector of the unit mass with 
respect to point C and r  its rate. The subscripts “M” 
and “m” denote the platform and the rod, respectively. 
Fig.1  Sketch for platform and rod. 
According to moment of momentum theorem[20], we 
have
C d / d dt m  u  ¦ ³ M h r r
M m
d dm mu  u³ ³ r r r r          (2) 
where MC is the control torque. In the platform, one 
can define r˙l1ˇȡ1, where l1 denotes the vector 
pointing from C to C1, and ȡ1 the vector pointing from 
C1 to dm. The first term of the right hand part of Eq.(2) 
can be expanded as 
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Due to the fact that the platform can be considered 
as rigid, we have 
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Hence, Eq.(3) can be rewritten as 
1 1 1 1M M M
d d dm m mu  u  u  ³ ³ ³ r r l l U U
1 1 1 1M
dM mu  u³ l l U U            (5) 
where M denotes the mass of the platform. 
The rod can be considered as a rigid body as well. 
In a similar manner, we have 
2 2 2 2m m
d dm m mu  u  u³ ³ r r l l U U     (6) 
where l2 denotes the vector pointing from C to C2 and
ȡ2 the vector pointing from C2 to dm, the arbitrary unit 
mass in the rod, m denotes the mass of the rod.  
Let k˙M/m. Since Ml1ˇml2˙(Mˇm)0˙0 holds, 
Eq.(2) can be rewritten in the following form: 
C M m
d dm m  u  u  ³ ³  h M r r r r
1 1 1 1 2 2M m
(1 ) d dM k m m u  u  u³ ³  l l U U U U  (7) 
During the reorientation process, since there is no 
external torque exerted on AOS, MC should be a zero 
vector. 
2.2. Attitude dynamic model 
According to the relative motion between the plat-
form and the rod, the attitude dynamic model of AOS 
will be established in this subsection.  
Considering 1 1M dmu³ U U  and 2 2m dmu³ U U  in the 
platform’s body coordinate frame (PBCF), we have 
1 1 1 1M
2 2 2 2m
T
2 2 2
d
d ( )
( )
m
m
­ u   u°° u   u  ®°°   u¯
³
³
 


II II
L II II
LII L L II S II
U U Z Z Z
U U : : :
Z : :
 (8) 
where II1 and II2 are the moments of inertia of the 
platform (in PBCF) and the rod (in rod’s body coordi-
nate frame (RBCF), respectively, Z and : the angular 
velocity vectors of the platform and the rod relative to 
the inertial space, respectively, and L is the transform 
matrix from RBCF to PBCF. The two quantities, L and 
S, will be defined in the following part. 
Let C1 and C2 denote the vectors pointing from D,
the root of the rod, to C1 and C2, respectively. The two 
quantities, C1 and C2, are constant vectors when con-
sidered in PBCF and RBCF, respectively. From the 
geometrical relationship shown in Fig.1, it is easy for 
us to get 
2 1 2 1 1
1 2 1
2 2 1
( 1)
( ) /( 1)
( ) /( 1)
k
k
k k
      ­°    ®°   ¯
d C C l l l
l C C
l C C
      (9) 
Defining that the rod’s angular velocity vector rela-
tive to the platform is Ȧ1, the relationship between the 
two rotational velocity vectors (of the platform and the 
rod with respect to the inertial space) can be obtained 
as :˙ZˇZ1.
The two vectors, C1P and C2R, are the descriptions of 
the vectors C1 and C2 in PBCF and RBCF, respec-
tively. Obviously, the first and the second time deriva-
tives of the two new vectors are zero vectors. Accord-
ing to the relationship between absolute derivative and 
relative derivative, it is easy to get 
1 1P 1P 1P
1 1P 1P 1P
1P 1P 1P
2
( ) ( )
­   u  u°   u  u ®° u u  u  u u¯
 
  

C C C C
C C C C
C C C
Z Z
Z Z
Z Z Z Z Z
 (10)
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 (11) 
Taking point D as the origin, we establish the 
right-handed rectangular coordinate frame DXYZ,
where DX points along the body axis of the platform 
and DY lies in the longitude symmetry plane and 
points upward. Two motors are used to steer the rod to 
track the commanded angles. In the beginning, the X
and Y axes are collinear with the two axes of the two 
motors and the coordinate axes of RBCF are parallel 
with those of PBCF. Let the gimbal angles be T and J,
and then, we have 
T T
1
T T
1
cos 0 sin cos sin 0
0 1 0 sin cos 0
sin 0 cos 0 0 1
0 0
0
0
( )
T T J J
J J
T T
T
J
­ ª º ª º° « » « »°  « » « »° « » « »¬ ¼ ¬ ¼°°® ª º ª º° « » « »  ° « » « »° « » « »¬ ¼ ¬ ¼°     °¯
  

 
L
L L
L L
Z 4 b
: Z Z Z 4 b
 (12) 
Differentiating the preceding equation yields 
T T( ) ( )        L L: Z 4 Z 4 b     (13) 
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where T T T1
u
  u  L L LZ Z  and uZ  is a skew sym-
metric matrix, i.e., 
1 1
1 1 1
1 1
0
0
0
z y
z x
y x
Z Z
Z Z
Z Z
u
ª º« » « »« »¬ ¼
Z .
Considering PBCF as the reference frame, we have 
1 2R 1P
1 ( )
1k
  l LC C          (14) 
1 2 1
2R 2R
1P 1P
T T
2R
2R 1P
( ) /( 1)
{ [ ( )]
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u u  u 
  


   

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: : Z
1P( )}/( 1)ku u CZ Z          (15) 
Let T T( )       S L LZ 4 4 b  then Eqs.(14)-(15) 
yield 
1 1
1 2R 2R
(1 )
{ [ ( )]
M k
M u u
 u  
  u u 
l l
l L S C C: :
T
1P 1 2R 1P( )} ( )M
u u uu u   C l LC L CZ Z Z    (16) 
Substituting Eq.(8) and Eq.(16) into Eq.(7), one can 
get 
1 2R 2R
1P 1 1
1 2R 1P
{ [ ( )]
   ( )}
   ( )
M
M
u u
u u 7 u
   u u 
u u   u 
 



h l L S C C
C II II
l LC L C
: :
Z Z Z Z Z
Z
T
2 2 2 C [ ( ) ]  u  L II S II L II MZ : :     (17) 
During the reorientation process, since MC˙ 0,
Eq.(17) can be rearranged as 
T T 1
1 2 1 2R 1P
1 2R 2R
[ ( )]
{ { [ ( )]
M
M
u u u 
u u
   
 u u 
 II LII L l LC L C
l L S C C
Z
: :
1P 1 2 2( )} (u u  u   u `C II L II S IIZ Z Z Z : : 
 (18) 
When the changing rules of T and J are specified, 
the vector Z1 can be determined. At any given time, 
the platform’s angular position and its rate with respect 
to the inertial space can be determined by integrating 
the preceding equation. 
2.3. Determination of rod’s gimbal angles 
The desired angular position of the rod with respect 
to the platform can be determined according to the 
requirement. Assuming the unit vector of the rod’s 
pointing is VDE, the angle between the vector VDE and
the plane DXY is defined as 'J, meanwhile, the angle 
between VDH (the projection of VDE in the plane DXY)
and the axis DX is defined as 'T. Let IX, IY, and IZ de-
note the unit vectors corresponding to the three coor-
dinate axes of the frame DXYZ, respectively. The vec-
tor VDH can be solved as 
( )DH Z DE Z u uV I V I          (19) 
After some mathematical derivations, the angles 'T
and 'J  (as shown in Fig.2) can be obtained as 
arccos sgn(( ) )
|| ||
arccos sgn( )
|| ||
DH X
X DH Z
DH
DH D
DE Z
DH
'T
'J
­ § · u° ¨ ¸° © ¹® § ·°   ¨ ¸° © ¹¯
 
E
V I I V I
V
V V V I
V
 (20) 
where sgn(·) denotes the sign function. 
Fig.2  Sketch for gimbal angles and thruster configuration. 
The attitude change of the AOS is determined by the 
initial and terminal angular positions of the rod relative 
to the platform. Therefore, the rod’s reorientation 
process can be interpreted as a “rest-rest” relative mo-
tion between the platform and the rod. Without loss of 
generality, the variations of the gimbal angles of the 
rod can be specified as 
( ) [1 cos( )] / 2
( ) [1 cos( )] / 2
t nt
t nt
J J
T T
 ' ­®  ' ¯          (21) 
where J t and T (t) are the rotated angles correspond-
ing to the axes DY and DZ, respectively; at time t, 'J
and 'T are the required rotation angles corresponding 
to J (t) and T (t), and n=S7 (T is the specified reorien-
tation duration). The first and second derivatives of the 
rod’s gimbal angles (T and J ) can be solved from 
Eq.(21).
Due to the fact that relative angular motion between 
the rod and the platform leads to the attitude change of 
the AOS, the attitude control system should be enabled 
to control the attitude of the AOS to the desired one. 
3. Attitude Control Law Design 
After the rod’s reorientation, the center of mass of 
the satellite deviates from its body axis. In the coordi-
nate frame DXYZ, let XC,
1CX  and 2CX  denote the 
coordinates of the centers of mass of the AOS, the 
platform and the rod, respectively. It is easy for us to 
get  
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1 2C C C
M m
M m M m
  X X X      (22) 
As shown in Fig.2, eight thrusters are employed to 
control the attitude of the AOS. Since the composite 
center of mass of the AOS has deviated from its body 
axis after the rod’s reorientation, 1# and 3# nozzles, 
which take charge of the pitch channel, will bring dis-
turbance to the roll channel. In a similar manner, 2# 
and 4# nozzles will impact the roll channel, too. The 
two sets of nozzles 5#-7# and 6#-8# provide the con-
trol for the roll channel. Therefore, the corresponding 
control torque matrix can be written as 
C C
C
C
Fd Fy Fz
Fx
Fx
 ª º« »  « »« » ¬ ¼
M           (23) 
where XC˙[xC yC zC]T denotes the coordinate of 
point C, F the thrusting force and d the diameter of the 
cross-section of the satellite. Obviously, the matrix M
is not a diagonal matrix. 
When the relative motion between the platform and 
the rod has ceased, the relative angular position and its 
rate will not change any more. In this case, we have 
T= J =0, S˙0, : =LTZ. Therefore, Eq.(17) results in 
T T 1
1 2 1 2R 1P
C 1 2R 1P
1
1 2 1 C 2
[ ( )]
[ ( )
]
M
M
u u u 
u u u u u
u u 
   
  
   


Ȧ II LII L l LC L C
M l L C C
II L II M
: : Z Z
Z Z : :  
1
1 2
 M G               (24) 
where
T T
1 1 2 1 2R 1P
1
2 1 1 2R 1P
1 2
( )
[ ( )
]
M
M
u u u
 u u u u u
u u
   
  

II LII L l LC L C
l L C C
II L II

  : : Z Z
Z Z : :
and G˙[Gx Gy Gz]T denotes the control switching flag 
vector according to M, and MC or MG denotes the ex-
ternal torque vector. During the attitude control proc-
ess, 1 is a constant matrix and 2 a time-variant vec-
tor. 
So far, the structural parameters (quasi moment of 
inertia 1, the associated term 2, and the coordinate 
of the center of mass of the satellite XC) have been 
determined. 
The kinetics equation of spacecraft attitude motion 
could be represented by quaternion as[12]
1 ( )
2
 q G q Z               (25) 
where
T
1 0 3 2
2 3 0 1
3 2 1 0
( )
q q q q
q q q q
q q q q
 ª º« »  « »« » ¬ ¼
G q . For any unit 
quaternion q, the formula GT(q)G(q)=I (I is 3×3 iden-
tity matrix) holds. 
According to Eq.(25), construct quasi-Euler angle 
vector and quasi-Euler angular velocity vector from 
attitude unit quaternion as 
T
f
T
f
2 ( )
( ) ( )
­  °®   °¯ 
G q q
G q G q
V
X V Z         (26) 
Eqs.(24)-(26) result in 
1
1

 ­°®  °¯

 g M
V X
X  G            (27) 
where
T 1
f 3 1 3 2
T
3 f
( ) ( ) ( )
( ) ( )
   
 
g G q G q I M
G q G q
Z   G  

The normalized quasi-Euler angle vector and quasi- 
Euler angular velocity vector are thus defined as 
1
1
1
1


­  °®  °¯


M
M
V  V
X  X              (28) 
Therefore, the normalized perturbed double-inte- 
grating model can be written as  
­  °®  °¯
 
 g
V X
X G               (29) 
where  g M 11g. As for each channel, the corre-
sponding coupling term ig  should satisfy the fol-
lowing equation: 
1i ig Hd      ( , ,i x y z )       (30) 
where x, y and z denote roll channel, yaw channel and 
pitch channel, respectively, and the values of Hi (i=
x, y, z) are constants. 
For each channel, the corresponding switching sur-
face can be taken as 
21 sgn
2i i i ii
s V X XD        ( , ,i x y z ) (31) 
where si denotes the switching function, iV  and iX
are the components of V  and X  corresponding to 
ith channel and Di regulating coefficient used to regu-
late the associated chattering phenomenon. 
Define the switching logic of the three control chan-
nels as 
2sgn sgn ]sgni i i is sG V   >   
  ( , ,i x y z )               (32) 
For the actuators, the corresponding practical control 
switching flags G1j( j=1-8) can be determined as 
N1
N2
N3
N4
N5 N7
N6 N8
1 sgn ) 2
1 sgn ) / 2
1 sgn ) 2
1 sgn ) / 2
1 sgn ) 2
1 sgn ) 2
z
y
z
y
x
x
G G
G G
G G
G G
G G G
G G G
   ­°   °°    °®   °°     °     °¯
       (33) 
· 314 · JING Wuxing et al. / Chinese Journal of Aeronautics 24(2011) 309-317 No.3 
4. Analysis of the Proposed Control Logic 
For each channel, taking Vi = 2is /2 as the selected 
Lyapunov function, the derivative of iV  with respect 
to time can be obtained: 
[ ( sgn )sgn ]
i i i
i i i i i i i
V s s
s g sX D X D
  
   
 
 
| || | [( sgn )sgn 1]i i i i i i is g sX D X D      (34) 
When 0<Di <Hi holds, we have iV <0, i.e., the pre-
sented control law is asymptotic stable and it is similar 
to the variable structure control law. Therefore, the 
recommended range of the regulating coefficients is  
0 i iD H      ( , ,i x y z )        (35) 
The corresponding sketch for the phase trajectory in 
the case of 0<Di <Hi is depicted in Fig.3. The initial 
phase position is point A0. The current phase position 
is Ak and the current control effect will force the phase 
trajectory to go along Lk, When the phase trajectory 
reach point Bk, the control flag will be updated and the 
corresponding phase trajectory will go along īk until it 
crosses over the switching phase at point Ak+1. The 
above-mentioned process will be prolonged in a simi-
lar way until the corresponding phase trajectory pene-
trates into the limit cycle (i.e., the small neighborhood 
of the origin). 
Fig.3  Sketch for phase trajectory in the case of 0<Di <Hi.
When considering the response lag of the actuators 
(as shown in Fig.4, among which, tw, tr, tb, th and ts
denote the lag time, the rise time, the admissible break 
time, the holding time and the shut-down time, respec-
tively), it is easy for us to conclude the following re-
sults. 
Fig.4  Thrusting signal during an on-off period. 
In Fig.3, when the phase trajectory arrives at point 
Ak, an updated command will be delivered. Due to the 
dynamics of the actuators, the present control effort 
will not change immediately and the phase trajectory 
will coast along the present direction for some time 
before the updated command begins to work. 
Without loss of generality, we assume that the pre-
sent phase position is point O (the corresponding state 
is (VO, XO)) and point O lies in the second quadrant of 
the phase plane (see Fig.5). In the following analysis, 
we will consider a special case, i.e., the coupling terms 
gi is taken as its bound value Hi and it works to enhance 
the present control effort. 
Fig.5  Sketch for phase trajectory (with respond lag). 
At point A(VA,XA), the present control effort has 
been removed completely; at point B(VB,XB), the up-
dated control effort begins to work and it achieves its 
nominal value at point C(VC,XC). In the following con-
trol process, the phase trajectory will be driven by the 
updated control effort until it intersects with the 
switching surface at point D(VD,XD). The states corre-
sponding to each point can be obtained as 
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Therefore, we have 
4 s r w
1
| | | |2 ( )
1 1 1
O Dt t t t
H X XH
H H H
          (37) 
When point O is far away from the origin, since the 
arcs connecting points O, A, B, C and D are parts of 
parabolic curves, according to the monotony of para-
bolic curve (the specified part over or below the hori-
zontal axis), we can get 
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When point O is near the origin, point O and point 
D will lie in the second and the fourth quadrant, re-
spectively and the phase trajectory enters the limit 
loop. In this case, the value of t4 and the size of the 
limit loop can be determined according to Eq.(31) and 
Eq.(36), and the required control duration can be ap-
proximately written as 
4 s r w
1
22 ( ) | |
1 1 1 O
t t t t
H H XH H H

         (39) 
When the response lag (i.e., tw) is enlarged, the 
phase trajectory will coast along a larger limit loop. 
The existence of th and tw results in the fact that the 
limit loop has a negligible size. 
If the coupling term gi is taken as Hi, in a similar 
way, we can conclude that the corresponding limit 
loop will be larger than the discussed one and the other 
conclusions do still hold. 
Namely, since the control effort will be updated in 
the case that the phase trajectory intersects with the 
switching surface, the existence of tw, tr, th and ts will 
not change the stability of the proposed control logic 
but influence the size of the limit loop (i.e., they will 
worsen the corresponding control accuracy). 
5. Simulation Results 
The masses, the inertia tensors, and the coordinates 
of the center of mass of the satellite’s platform and the 
rod are specified in Table 1, respectively. The diameter 
of the satellite and the thrust of the thrusters are speci-
fied in Table 1 as well. When the rod’s reorientation 
has been accomplished, its line of sight (LOS) will 
change from [1  0  0]T to [1  2  3]T  (in PBCF). 
The reorienting duration is specified as 2 s. 
Table 1  Simulation parameter 
Symbol Value 
II1/(kg·m2)
22 0 0
0 876 0
0 0 820
ª º« »« »« »¬ ¼
M/kg 500 
II2/(kg·m2)
5 0 0
0 50 0
0 0 50
ª º« »« »« »¬ ¼
m/kg 50 
C1P/m > @T1 0 0  
C2R/m > @T1 0 0
LOS (desired) > @T1 2 3  
d/m 2
F/N 25
During the rod’s reorientation process, the required 
rotation angles of the rod can be determined by 
Eq.(20) ('T =63.4 and 'J = 53.3). The rotated angels 
can be solved by Eq.(21). The initial yaw, pitch and 
roll angles are given as 15q, 10q, 5q; after the reorien-
tation, the satellite’s attitude Euler angles become 
21.60q, 3.85q, 6.96q, respectively. The following atti-
tude control process should guarantee that the attitude 
can be controlled to the initial one.  
In the practical scenario, when receiving an “on” 
command, the actuators (i.e., the control nozzles) 
could not execute it immediately but delay for some 
time (lag time). In a similar manner, when receiving an 
“off” command, they will operate at full load for some 
time (holding time) before it begins to remove its ef-
fect. During the switching process, the actuators need 
some time (rise time or shut-down time) to operate 
fully or shut-down completely. The actuators’ switch-
ing time constants are defined in Table 2 and are de-
picted in Fig.4. During the attitude control process, 
when the suitable regulating coefficients are taken, the 
actuator’s dynamics (i.e., response lag) can be used to 
regulate the chattering phenomena. 
Table 2  Definitions for on-off time constants 
Time constant Value 
tw/ms 100 
tr/ms 100
tb/ms 60
th/ms 60
ts/ms 40
Assuming that the initial angular velocity of the 
AOS is sufficiently small, the corresponding simula-
tion results are presented in Figs.6-10 (the regulating 
coefficients are specified as 0.05). 
During the reorientation process and the following 
control process, the time curves of the corresponding 
Euler angles are depicted in Fig.6. The solid lines de-
note the time curves of the Euler angles corresponding 
to the case that the inertial tensor and centroid of the 
platform are available and accurate. In practical cases, 
Fig.6  Time history of Euler angles. 
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Fig.7  Time history of satellite’s angular velocity. 
Fig.8  Time history of attitude quaternion. 
Fig.9  Time history of quasi-Euler angles. 
however, these mentioned parameters cannot be accu-
rately obtained in advance. Considering that these pa-
rameters (obtained from ground test) have an error of 
5%, the corresponding time curves are depicted in 
dotted lines. From Fig.6, we conclude that the pa-
rameter error will not influence the control process 
significantly but prolong the control duration, for the 
controller will take a long time to recognize that the 
quasi-Euler angles have been controlled to the nei- 
ghborhoods of the corresponding origins. 
During the rod’s reorientation process, the attitude  
Fig.10  Control switching flags for three channels.
of the satellite will change with the internal motion 
between the platform and the rod. When the mass of 
the rod could not be neglected relative to the platform 
and the change of the relative angular position is suffi-
ciently large, the attitude change and its rate are sig-
nificant and they should be controlled. In this case, the 
actuators are disabled and the corresponding attitude 
quaternion and the quasi-Euler angles change with 
time. Quasi-Euler angles have clear geometrical sig-
nificance, while the normalized quasi-Euler angles 
have no clear physical significance.  
During the following attitude control process, the 
three components of the control torque are in charge of 
the three control channels, respectively. When the se-
lected regulating coefficients are sufficiently small, the 
corresponding phase trajectories will nearly slide along 
the switching surface to approach the corresponding 
origin (i.e., the desired attitude), respectively. Time 
history of the attitude quaternion, q0, q1, q2 and q3, are 
shown in Fig.8. Time history of three quasi-Euler an-
gles (Vx,Vy,Vz) and three quasi-Euler angular velocities 
(Xx,Xy,Xz) are shown in Fig.9. In Fig.10, the switching 
control flags of 1#, 2# and 5# nozzles, which can pro-
vide the positive control torques for the three channels, 
are depicted. 
Simulation results indicate that the attitude is con-
trolled perfectly by the thrusters with the switching 
control logic and the response lag of the actuators can 
reduce effectively the chattering phenomena associated 
with the switching control law (when the selected 
regulating coefficients are sufficiently small). 
6. Conclusions 
(1) The relative motion dynamic model of the rigid 
two-body is derived according to moment of momen-
tum theorem. Thus, after the rod’s rotation, the struc-
tural parameters and the terminal attitude of the satel-
lite can be determined. 
(2) When a set of suitable regulating coefficients are 
specified, the proposed quasi-Euler angle-based atti-
tude switching control law can control the satellite’s 
attitude perfectly. In this case, the response lag of the 
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actuator can be used to reduce the chattering phenom-
ena.
(3) When the rod’s (the sensor’s) LOS has been ad-
justed to the specified angular position relative to the 
satellite platform and the attitude of the satellite has 
been controlled to its initial state, the sensor will face 
to the observation object. 
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